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Familial patterns in birth characteristics: impact on individual and population risks
Background Familial patterns in reproductive outcome have been suggested previously, but few studies have comprehensively evaluated both length of gestation and types of growth retardation.
Methods
Information on intrauterine period and birth characteristics for a cohort of Swedish women born 1955-1972 was linked with information on these women's own reproductive experiences during [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Familial trends in preterm deliveries, small-for-gestational age (SGA) births and two types of growth retardation were evaluated for mothers relative to their own birth characteristics (n = 4746), relative to their older sisters' deliveries (n = 2931) and among consecutive deliveries of the mothers (n = 14 209). Adjusted relative risks (RR) were calculated from logistic regression analyses.
Results
Mothers who had themselves been preterm at birth were not at increased risk of any of the outcomes studied. Mothers who had themselves been SGA at birth had an almost 50% higher risk (NS) of giving birth to either a preterm or an SGA infant than had mothers who had not been SGA at birth. Mothers tended to repeat the same patterns in subsequent deliveries: RR was 3.7 for a second preterm delivery given a previous one and 7.8 for a second SGA delivery given a previous one. Among SGA siblings, chronic growth retardation was more often repeated than was acute growth retardation. Mothers with an older sister who had given birth to a preterm infant had an 80% higher risk of giving birth to a preterm infant. Conclusions Familial trends in gestational age and body proportions at birth were demonstrated; however, the relatively small population attributable risk per cents in Sweden are discussed. Keywords Familial, pregnancy, preterm, growth retardation, cohort Accepted 28 August 1997
In both developed and developing countries, low binhweight (LBW; <2500 g) 1 is associated with greater risk of physical impairment and even death. However, LBW infants include both preterm and small-for-gestational age (SGA) infants and is thus a heterogeneous group in terms of causes of the smallness as well as future prognosis. Further, different postnatal morbidity and growth patterns have been reported among subgroups of SGA infants.
2 " 4 Infants who are SGA with a low ponderal index (PI; birthweight/crown-heel length 3 ) have been labelled disproportionally or acutely growth retarded (AGR), and infants who are SGA with appropriate PI have been labelled proportionally or chronically growth retarded (CGR). Early theories have explained AGR as resulting from insults during late gestation, when body fat is accumulated, leading to decreased weight a Department of Epidemiology and Public Health and ''Department of Obstetrics and Gynecology, Umea University, 90185 Umei, Sweden.
velocity only. 2 This gained support from reported associations between AGR and insufficient maternal weight gain during pregnancy, acute infections, pre-eclampsia and hypertension. 25 According to the same theories, CGR results from insults throughout pregnancy, thus affecting both weight and length velocity. Here, studies have shown associations between CGR and socioeconomic factors, maternal height and nutritional status, and smoking. 6 ' 7 More recently, these causal theories have been disputed. In a well-designed study of Canadian newborns, AGR was associated with more severe degrees of growth retardation as well as with severe pregnancy-related hypertension. 8 Severe intrauterine growth retardation, with AGR acting as a proxy for this condition, predicted increased postnatal morbidity. 9 Also, gestational age of the newborn was unrelated to type of growth retardation, thus further disputing the timing theory. 8 Several studies have revealed that poor pregnancy outcome is repeated within the same families through the mother, indicating an inherited component. Even in 1968 Ounsted and Ounsted demonstrated that British newboms with low birthweight-for-gestational age were more likely to have mothers who had themselves been low birthweight-forgestational age, than were infants of appropriate birthweightfor-gestational age. 10 An American study that controlled for several potential confounding variables reported that mothers who were themselves LBW were at higher risk of producing LBW infants at any given gestational age 11 (odds ratio [OR] = 3.46, 95% CI: 1.51-7.93), and this was also found in a Norwegian study 12 (OR = 3.03, 95% CI : 1.99-5.11). In a similar study among Swedish women 13 (using a subsample of the data presented here), SGA mothers were found to be at increased risk for both SGA infants (OR = 2.21, 95% CI : 1.41-3.48) and for preterm infants (OR = 2.96, 95% CI : 1.47-5.94). However, preterm mothers were not at an increased risk of having either preterm infants (OR = 0.65, 95% CI : 0.15-2.74) or SGA infants (OR = 1.21, 95% CI : 0.62-2.38). Similarly, Norwegian preterm mothers were found not to be at increased risk of having preterm firstborns (OR = 1.46, 95% CI : 0.96-2.21 ). 12 Finally, in a study of Danish women, SGA mothers were likewise at increased risk of having SGA infants (OR = 2.0, 95% CI : 1.4-3.0); however, preterm mothers were not at increased risk of having preterm infants (OR = 1.5, 95% CI : 0.9-2.5). 14 In addition, several studies have found that infants are more likely to be LBW if their mothers' sisters have delivered SGA infants, but not if their fathers' sisters have delivered SGA infants.
10 ' 15 - 16 Relatively large sibling correlations in birthweight have been found. Khoury et al. found that the risk of LBW in second sibling was significantly higher if the first sibling had been LBW (OR = 3.8, 95% CI : 2.0-7.3), even adjusting for common familial risk factors such as pregnancy complications, maternal illnesses and birth defects. 17 Using data on over 454 000 Norwegian infants, Bakketeig et al. demonstrated a four times increased risk for a preterm delivery had the previous delivery been preterm, and a more than three times higher risk for SGA had the previous newborn been SGA. 18 Half-sibs with the same mother have been shown to have similar birthweight patterns as full sibs whereas half-sibs with the same father do not show the same pattern. 19 Sibling recurrence of SGA has been assumed to be recurrence of CGR, based on the hypothesis that this type of growth retardation results from factors present throughout pregnancy which could be repeated during subsequent pregnancies. However, Khoury et al, who found a correlation in PI of 0.24 between siblings, showed correlations also for PI <10th percentile (basically corresponding to AGR) as well as PI >90th percentile. 4 Unfortunately, due to small numbers, recurrence of AGR and CGR groups could not be studied.
Few studies have comprehensively evaluated the different types of familial trends in both preterm and SGA births, and no studies have evaluated familial patterns in CGR and AGR. Here, we present the results from a cohort study that utilizes Sweden's computerized birth records. Risks of poor pregnancy outcome are evaluated for women relative to their own birth characteristics, relative to their older sisters' pregnancy outcomes and among consecutive deliveries of the same mothers. The resulting familial patterns in preterm, SGA and types of growth retardation are described below in terms of strength of association and population attributable proportions. In each record, data on any of up to two children of any sex born to the two sisters were included (complete data on 2931 sisterpairs). For evaluations of reproductive patterns within a mother, two children born to the oldest sister were used (n = 14 274 child-pairs; complete data on 14 209). Complete data for evaluations of all three comparison-pairs using the same mothers only existed for a sample of 181 index mothers. This sample was too small for most analyses; however, where informative results were obtained these did not alter any of the interpretations presented below.
Preterm birth was defined as gestational age <37 weeks. Gestational age was estimated using last menstrual period as reported by the mother; if missing, gestational age as judged by the doctor was used instead. For the women born 1955-1972, gestational age was only available for 4746 women born in the city of Umea. Also, for these women actual birthweight was registered only for 8100 born in the city of Ume3 although whether weight was below or above 2500 g was registered for all women. Newborns were divided into appropriate-forgestational age (AGA) or SGA using the 10 th percentile of the Scandinavian growth curve. 20 Further, SGA newborns with PI <10 th percentile of standard were classified as AGR and those with PI >10 th percentile of standard were classified as CGR. 21 Risks for exposed and unexposed groups were calculated using estimates obtained in logistic regression analysis, where multiple confounding variables could be adjusted. However, confidence intervals (CI) for the calculated relative risk (risk ratio; RR) are poorly approximated by this method; therefore odds ratios (OR) and their 95% CI from the logistic regression analysis are also presented. Population attributable risk per cents were calculated as [(proportion of exposed among all cases)* (RR-1)/RRJ. The power of the study to detect a significant RR of 3 for preterm delivery was 95-99% for the different comparisons, and for a RR of 2 it was 60-98% (a = 0.05). The power to detect a significant RR of 3 for SGA ranged between 30% and 76% for the same comparisons. Statistical analyses were done using the Statistical Package for Social Sciences, Version 6.1 (SPSS 1995).

General description of study sample
Reproductive experiences are presented in Table 1 for the three comparisons. Grandmothers delivered significantly lighter infants than did the index mothers {P < 0.01). However, data for the grandmothers included only female infants (i.e. those included as index mothers in the comparison) whereas 51-53% of the deliveries for all other groups were of male infants. Data for only female infants in the generation-pairs comparison are shown in parentheses; here also the birthweight difference remained significant. Grandmothers delivered significantly more preterm infants (P < 0.001) and experienced more chronically growth retarded infants among those who were SGA (P < 0.001) than did index mothers. Larger proportions of too small and too early newboms were also prevalent in first pregnancies compared to second pregnancies (P < 0.001).
At the time of delivery, grandmothers had a mean age of 27.5 years (±6.2) and a mean parity of 2.3 (±1.5). Thirty-seven per cent were primiparous. Index mothers in the generation-pairs had a mean age of 24.9 years (±3.7) and a mean parity of 1.6 (±0.8) at the time of delivery; both figures significantly different from those of the grandmothers (P < 0.01); likely as a result of incomplete reproductive careers for the former. Fifty-six per cent were primiparous. Among sister-pairs, the younger and older sisters were 22.9 years (±3.3) and 23.4 years (±3.9) at delivery, respectively. As expected from the selection procedure, 98% were primiparous in both groups. Among child-pairs, mean maternal age at the two consecutive deliveries were 23.0 years (±3.4) and 26.1 years (±3.3) respectively. Here, 99% of the mothers were primiparous at the first delivery included.
As expected from the literature, lower maternal parity and age at delivery were significantly associated with higher risk for both preterm and SGA infants (P < 0.000). More female infants were SGA at birth (OR = 1.40, P < 0.000) and fewer female infants were preterm at birth (OR = 0.82, P < 0.000), compared to male infants. Hence, maternal age and parity at delivery as well as infant sex were adjusted for in all models. Analyses including only primiparous women in the generation-pairs yielded identical results to the ones presented below.
Risk of preterm delivery
The risk of preterm delivery was not affected by the mother having been preterm at birth herself but it was over 70% higher if the mother had been SGA at birth ( Table 2 ). The risk was almost doubled if the mother's sister had given birth to a preterm infant and it was four times higher if the mother had previously given birth to a preterm infant. The risk of preterm delivery increased significantly if the mother had previously delivered an SGA infant (RR = 1.72 adjusting for any previous preterm delivery).
The analyses on preterm delivery were repeated using <36, <35, <34 and <33 weeks as cutoff levels instead of <37 weeks. Only in comparisons with older sister did the risk estimate change; here RR increased to over 3.0 for the lower cutoff levels.
For mothers with a previous preterm delivery, 73% of a next, consecutive preterm delivery could be accounted for by that exposure, and on a population level 14.1% of preterm deliveries could be accounted for by a previous preterm delivery (Figure 2) . On a population level, sister's preterm experience and own SGA experiences in a previous delivery only accounted for a few per (0.
(1-
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Risk of delivering a small-for-gestational age infant
Mothers who had been SGA at birth had an almost 50% higher risk (non-significant) of giving birth to an SGA infant than had mothers who had not been SGA at birth (Table 3) . However, having been preterm at birth did not affect risk of delivering an SGA infant significantly and neither did sister's experiences of SGA deliveries. However, having delivered an SGA infant previously increased the risk of delivering an SGA infant almost eight times, and having delivered a preterm infant previously increased the risk almost twofold. For mothers with a previous SGA delivery, 87% of a consecutive SGA delivery was accounted for by that exposure. On a population level previous delivery being SGA accounted for 13.8% of SGA deliveries (Figure 3) , and a previous preterm delivery accounted for 8.4% of SGA deliveries (SGA history of previous delivery adjusted for). Mothers' own birth characteristics and sisters' experience of SGA delivery accounted for almost none of all SGA deliveries. Appropriate-for-gestauonal age c AGR, acutely growth retarded. * Estimated relative risk. Risk for exposed and unexposed groups were calculated using beta-coefficients obtained in the logistic regression analysis. Relative risks shown are for maternal age and parity set to mean values for the groups, and infant sex set to female.
Risk of delivering a chronically or acutely growth retarded infant
For consecutive deliveries (i.e. child-pairs), the risk of repeating CGR or AGR infants was evaluated ( Table 4 ). The risk of having a CGR versus AGA infant was significantly increased if previous delivery had resulted in a CGR infant (RR = 8.12) or an AGR infant (RR = 5.22) compared to if previous delivery had been an AGA infant. Likewise, the risk of having an AGR versus AGA infant was significantly increased if previous delivery had resulted in a CGR infant (RR = 5.91) or an AGR infant (RR = 6.55).
For mothers with a previous CGR or AGR delivery, that exposure accounted for over 80% of any growth retardation in a consecutively born infant. For the whole sample of mothers, 8.9% of CGR deliveries could be accounted for by a previous CGR delivery, but only 3.4% of AGR deliveries could be accounted for by a previous AGR delivery (Figure 4) . Evaluations using ponderal index as a continuous variable confirmed that repetitions of CGR deliveries were more common than repetitions of AGR deliveries.
Discussion
In an evaluation of the Swedish Medical Birth Registry for the years 1974 and 1986, using original clinic ledgers for comparisons, data quality and completeness were deemed appropriate for outcomes such as birthweight distributions and gestational age. 22 However, approximately 1 % of all deliveries in Vasterbotten and Vastemorrland Counties 1955-1972 were likely missing in our linked registry. 23 Also, not all of the children born to mothers present in the registry may have been traced in the Swedish Medical Birth Registry, as reflected by 1-2% of mothers being multiparous when giving birth to the child labelled oldest in our records. This may indicate delivery abroad, missed cases or misclassification on parity. Most serious was the lack of complete information on gestational age and exact weight at birth for 1955-1972. This information was mostly missing from rural areas, yielding a subsample of predominantly urban deliveries. The significantly higher maternal age and parity at delivery for included versus excluded grandmothers may reflect such urban bias (Appendix). For the index mothers who gave birth 1973-1990 no significant differences were found between included and excluded women in this respect. However, here inclusion was not related to place of delivery (only to mother's own birthplace). There was a non-significant trend of a lower proportion of LBW births among included women of both generations and, again, this may reflect an urban bias. Thus, inferences from the generation-pairs should only be extended beyond city-born women with caution as higher proportions of the undesired outcomes may exist in rural areas.
Overall, a pattern of increased risk with increased familial proximity was found, and our risk estimates were close to those reported by others.
12 " 14 '
18 Mothers who were preterm at birth did not have an increased risk of giving birth to preterm or SGA infants. Mothers who were themselves SGA had approximately a 50% increased risk of giving birth to either SGA or preterm infants (non-significant in our study perhaps as a result of low power). Further, sisters tended to repeat the same patterns of preterm births, with an 80% increased risk if an older sister had delivered a preterm infant. (For SGA we did not detect any sister-trends but, again, our power to do so was low.) Finally, a previous preterm delivery increased the risk of a preterm delivery almost fourfold. For SGA, we found higher risk estimates than earlier studies: in our study the risk of giving birth to an SGA infant increased more than sevenfold with history of a previous SGA birth.
Among SGA births, both CGR and AGR were repeated in consecutive deliveries . This reflects that suggested risk factors for CGR (e.g. mild growth retardation, maternal nutritional status, socioeconomic factors, smoking) as well as for AGR (e.g. severe growth retardation, hypertension, pre-eclampsia) tend to be repeated in consecutive deliveries. Repetitions were more common for CGR than for AGR, perhaps reflecting the pathology of AGR as a disease with somewhat less repetitiveness. In addition, CGR may include also those who are genetically small but healthy and this may be especially so for our Swedish sample. On a population level, almost 10% of CGR births among younger siblings may be accounted for by mothers repeating CGR births but for AGR the similar proportion may only be about 3%.
The familial patterns demonstrated may indicate an inherited component through the mother, common environmental exposure for family members or both. Our analyses cannot distinguish between these explanations. A British study demonstrated that social deprivation (measured with the Jarman score based on social factors that reflect underprivileged areas) also influenced infant birthweight when known physiological (maternal nutritional status, pregnancy weight gain, parity, ethnicity and infant sex) and pathological (smoking, alcohol use, hypertension and bleeding) factors were adjusted for. 24 Mean birthweight difference between least and most deprived group was 47 g. Social deprivation could of course remain for two generations. However, evidence that inherited patterns also exist is the fact that maternal but not paternal halfsibs share birthweight patterns and that maternal but not paternal cousins share SGA patterns.
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Are the increased risks important? On an individual level, the obstetric history of a woman is obviously a strong predictor of future risks for both preterm and SGA deliveries, with RR 4-8. On a smaller scale, sisters' obstetric history and own birth characteristics also predict individual risk. However, children are bom preterm or SGA for a variety of reasons and, on a population level, a single exposure may not account for a large proportion of all cases even if it is highly associated with the undesirable outcome. The prevalence of exposures may in addition differ between areas. Thus, pregnant women in Sweden fearing a preterm or SGA delivery should know that their own birth characteristics may account for less than 1%, their own previous delivery experiences 14% and their sister's experiences maybe only 0-5% of any future preterm or SGA delivery. In comparison, in the same countries smoking during pregnancy may account for 16% of preterm deliveries and 21% of SGA deliveries. 25 ' 26 Familial patterns exist but so do many other risk factors.
